Introduction {#S0001}
============

Posterior reversible encephalopathy syndrome (PRES), first reported by Hinchey et al in 1996,[@CIT0001] is a clinical syndrome that presents as transient cerebral edema (vasogenic edema) on a background of hypertensive encephalopathy, puerperal eclampsia, or immunosuppressant drug use. There is often a subsequent increase in blood pressure resulting from damage to vascular endothelial cells. Symptoms include headache, seizures, visual impairment, and loss of consciousness. To date, there has been no report of PRES due to water intoxication. This report documents a case of PRES that we believe was caused by acute water intoxication resulting from polydipsia in a patient with schizophrenia. We obtained a written informed consent from the patient to have her case details and images published. We also obtained an approval from our department to publish the data.

Case Report {#S0002}
===========

The patient was a 26-year-old woman with schizophrenia who was admitted to our hospital's department of psychiatry in a catatonic state. The schizophrenia had been diagnosed 3 years before her presentation to us. Her medical history included a lumbar vertebral fracture that occurred at the time of schizophrenia onset; she had tried to jump during a state of confusion. After the diagnosis, she visited psychiatric departments at numerous hospitals, but she loathed the weight gain that occurred with the use of antipsychotic drugs, so she did not return for follow-up examinations or take her prescribed medications regularly. A few weeks before admission to our hospital, she began displaying stereotyped behaviors, such as suddenly lying down and getting up again repeatedly. Shortly thereafter, she became unresponsive when addressed and fell into a catatonic stupor.

Once admitted to our department, the patient was prescribed oral quetiapine at 400 mg per day, lorazepam at 3 mg per day, and eszopiclone at 1 mg per day. Blood tests performed soon after admission revealed no electrolyte abnormalities (Na 139 mEq/L, K3.4 mEq/L, and Cl 100 mEq/L), and brain computed tomography (CT) showed no organic abnormality despite a slight difference in size between the left and right cerebral ventricles. The catatonic stupor improved after admission, but the patient became delusional, expressing a belief that "war is about to break out." This resulted in extreme anxiety, and from the evening of hospital day 3 to the morning of hospital day 4, the patient impulsively drank an excessive amount of water, attested to by the empty PET bottles, which together would have contained 4500 mL, and by the fact that the patient readily obtained water from other sources. She complained of a headache and vomited on the morning of hospital day 4. Over the next several hours, her level of consciousness decreased to Glasgow Coma Scale (GCS) 3 (E1, V1, M1), and she became unresponsive to speech. Her vital signs remained stable, with blood pressure of 128/89 mmHg and body temperature of 36.4°C. Both pupils measured 5 mm, and both were sluggishly responsive to light. No seizure was observed. Her blood counts were normal, and blood tests revealed the following: Na 116 mEq/L, K 3.6 mEq/L, and Cl 82 mEq/L. Her blood gas levels were normal. Brain CT was once again performed, this time revealing narrowing of the cerebral ventricles and globally indistinct cerebral sulci, findings suggestive of cerebral edema ([Figure 1A](#F0001){ref-type="fig"}). A brain surgeon suspected subarachnoid hemorrhage on the basis of the CT images, but 2 days later, the part that appeared to be bleeding had disappeared, and no aneurysm was evident on the 3D image, so subarachnoid hemorrhage was ruled out. CSF examination revealed no abnormality. T2-weighted, fluid-attenuated inversion recovery (FLAIR) and diffusion-weighted brain magnetic resonance (MR) imaging were also performed, revealing areas of high signal intensity, primarily in the cortex and subcortical white matter of the occipital and parietal lobes. In addition, an apparent diffusion coefficient (ADC) map of these areas, obtained on hospital day 7, showed decreased signal intensity ([Figure 1B](#F0001){ref-type="fig"}). PRES was suspected on the basis of the imaging findings.Figure 1Images obtained over the clinical course.

Cerebrospinal fluid (CSF) analysis was performed, but no abnormalities were detected. Autoimmune encephalitis was ruled out on the basis of the CSF test results and results of blood tests for antinuclear antibodies, rheumatoid factors, and complement proteins. We did not treat the hyponatremia by means of aggressive sodium supplementation but rather balanced the extracellular fluid by continuous infusion of isotonic electrolyte replacement fluid. The serum sodium concentration increased to 138 mEq/L within 2 days. Despite rapid correction of the hyponatremia, none of the magnetic resonance (MR) images obtained over the next 5 days suggested central pontine myelinolysis. The patient opened her eyes in response to speech on hospital day 6, with her level of consciousness improving to GCS 14 (E4, V4, M6) by day 8. However, she scored 20 points on the Hasegawa Dementia Scale-Revised (HDS-R) on day 23, a score indicative of decreased cognitive function. (HDS-R scores are known to be correlated with MMSE scores.[@CIT0002]) Her level of consciousness continued to improve, but she suffered from a persistent mild attention disorder and decreased visual memory. Brain T2-weighted FLAIR MR imaging performed on hospital day 85 showed the high signal intensity regions in the occipital subcortical white matter to be gradually disappearing, and we believe this was part of the healing process ([Figure 1C](#F0001){ref-type="fig"}). She was discharged on day 141 after admission. Upon brain MR imaging performed 1 year after her presentation to us, we noted that the high density area had disappeared. We also noted absence of residual executive function deficits.

Discussion {#S0003}
==========

Hyponatremia occurs when the serum sodium concentration falls below 135 mEq/L. It is a common electrolyte abnormality, but acute severe hyponatremia can be life-threatening. It is most prevalent in patients with a psychiatric disorder,[@CIT0003],[@CIT0004] and when it occurs in such patients, it is important for clinicians to consider the likelihood of water intoxication due to polydipsia. Polydipsia is defined as water intake behavior that is sufficient to cause a marked increase in body weight. The causes of polydipsia in patients with schizophrenia vary. The patients themselves give various reasons, such as "because my mouth was dry," "because voices told me to," and "I was trying to relieve my stress." Sometimes patients do not give a particular reason but simply say "I had to drink," and some patients appear to be engaging in polydipsia as a form of addictive behavior. Vieweg et al noted that polydipsia in patients with schizophrenia can be attributed to (1) psychological stress, (2) hallucination, delusion, or stereotypy, (3) enhanced impulsiveness, (4) addictive behavior, (5) excessive release of antidiuretic hormone, i.e., of vasopressin (syndrome of inappropriate antidiuretic hormone secretion \[SIADH\]), (6) organic brain abnormality, (7) genetic polymorphism, or (8) the effect of certain antipsychotic drugs.[@CIT0005]

The circulating blood becomes diluted as a result of polydipsia, and this causes hyponatremia and sudden fluctuations in osmotic pressure, so water migrates into the cells. When hyponatremia progresses rapidly, it causes increased intracranial pressure and cerebral edema and may cause headaches, fatigue, lethargy, irritability, seizures, and consciousness disorders such as coma. Various neuropsychiatric symptoms can also result. In the field of psychiatry, this condition is known as water intoxication.

As noted above, PRES was first reported by Hinchey et al in 1996.[@CIT0001] Patients with this clinical syndrome presented with transient vasogenic edema that occurred in the subcortical areas in the occipital and parietal lobes. At first, PRES was referred to as reversible posterior leukoencephalopathy syndrome (RPLS), but in reality, the condition involves considerable injury to both the cerebral white matter and cortex. Therefore, in recent years, the term PRES has been widely used because it refers to an encephalopathy that includes lesions in both the white matter and cortex. Factors leading to the onset of PRES include sudden blood pressure fluctuations, renal failure, autoimmune disorders, eclampsia, septicemia, and use of drugs such as immunosuppressants administered after organ transplantation or anti-cancer drugs.[@CIT0006],[@CIT0007]

Background factors for PRES are hypertension, immunosuppressant drug use, anti-cancer drug use, eclampsia, collagen disorders, and electrolyte abnormalities. In this disease state, sudden increases in blood pressure or the effects of cytokines cause vascular endothelial injury, resulting in transient cerebral edema (vasogenic edema). We believe this is why the disorder tends to predominantly affect regions supplied by the posterior circulation, which have little sympathetic innervation.[@CIT0008]--[@CIT0010] Infarction or hemorrhage occurs due to vasospasm in some cases.[@CIT0011] MR imaging is useful for diagnosing PRES because the areas of high signal intensity that appear on T2-weighted and FLAIR images, the areas of low or normal signal intensity that appear on diffusion-weighted images, and the ADC elevation. If the condition is determined to be drug-induced, the causative agent can be withdrawn, or the therapeutic dose can be reduced. Treatment of symptoms might include the administration of anticonvulsants or antihypertensive drugs.

Our patient experienced psychological stress during the acute phase of catatonic schizophrenia, and this stress led to impulsive polydipsia, which resulted in acute water intoxication. On the day following her excessive fluid intake, she suffered headache, vomiting, and loss of consciousness. Her state upon presentation was that of profound hyponatremia, and MR imaging performed at that time showed lesions that were distributed in areas that were not consistent with areas supplied by the vessels for the cortex and subcortical white matter in the occipital and parietal lobes. The clinical course, especially the transient headache and loss of consciousness, led us to suspect PRES. There is a report of PRES associated with hyponatremia, as in our case.[@CIT0012]

Once the hyponatremia improved, the high density area began to recede. No further neurological symptoms occurred over the subsequent clinical course, and the high density area disappeared spontaneously, which we believe further supports the diagnosis of PRES. Blood and CSF tests ruled out the presence of infectious or autoimmune encephalitis and demyelination disorders. Decreased signal intensity was observed on the ADC map during MR imaging, and this was associated with infarction, so the PRES presented in a nonclassical manner. However, as in our case, high signal intensity on diffusion-weighted MR images and low signal intensity on ADC maps have been documented in cases of PRES.[@CIT0011] Restricted diffusion has been reported in 15--30% of 151 PRES patients.[@CIT0013] As noted above, PRES can be caused by hypertension, immunosuppressant drug use, anti-cancer drug use, eclampsia, collagen disorders, and electrolyte abnormalities. However, causes other than electrolyte abnormalities were ruled out in our case, and thus we believe that our patient's PRES was caused by hyponatremia resulting from water intoxication.

We encountered PRES resulting from water intoxication in a patient with schizophrenia who engaged in polydipsia, perhaps as a result of the schizophrenia. SIADH due to water intoxication is not uncommon in patients with schizophrenia, and such cases are often encountered in clinical psychiatric practice. In addition, it is widely known that cases of hyponatremia due to water intoxication can be complicated by central pontine myelinolysis. However, there are no reports of water intoxication being complicated by PRES, as occurred in our case.

Patients with schizophrenia are prone to suffer from water intoxication, and it is important for clinicians to realize that PRES can result from water intoxication. The prognosis for PRES is generally favorable, but there have been reports of irreversible neurological damage.[@CIT0005] We believe, therefore, that brain MR imaging should be performed promptly whenever PRES is suspected and that timely, appropriate treatment is of utmost importance. PRES must also be differentiated from stroke. If PRES is observed in a psychiatric patient within the setting of neurosurgery, neurology, or emergency medicine, it is important to investigate whether the condition may have been caused by water intoxication, to treat the condition appropriately, and to prevent recurrence.
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